Background. The value of transesophageal echocardiography in the assessment of patients with aortic dissection was studied.
A cute proximal aortic dissection is a lifethreatening emergency.' The prognosis of patients with aortic dissection has markedly improved in recent years due to prompt diagnosis and the institution of effective medical and surgical therapy.2-6 Both the traditional diagnostic gold standard of aortography7,8 and the frequently used technique of computed tomography (CT)9-14 have well-recognized pitfalls. Two-dimensional echocardiography15-22 has recently been used in the diagnosis of this entity, but the sensitivity and specificity of this technique in the diagnosis of acute dissection have not been high due to limitations in obtaining adequate images with poor acoustic windows in patients with obesity, emphysema, or chest wall deformity and those on mechanical ventilation. 23 Transesophageal color Doppler echocardiography is a relatively new and safe technology with exciting potential in the evaluation of this life-threatening disorder. [24] [25] [26] [27] [28] The major advantage of transesophageal echocardiography is the ability to image almost the entire thoracic aorta with no acoustic window impedance. 29 Although recent studies24-28 have demonstrated the usefulness of transesophageal echocardiography in the diagnosis of aortic dissection, there has not been anatomic or aortographic confirmation in all cases. 25, 27, 28 In addition, these studies did not assess the severity of associated aortic regurgitation by imaging or color Doppler technique, and the involvement of the coronary arteries by aortic dissection process has not been commented on by previous authors. Comprehensive evaluation of aortic regurgitation and involvement of the coronary arteries with aortic dissection are important considerations when surgical intervention is being assessed.30 '31 The purpose of the present study is to clarify the role of transesophageal echocardiography in the evaluation of aortic dissection with particular attention to the type of dissection and associated complications that may be present. The usefulness of transesophageal echocardiography in the assessment of the cause and severity of associated aortic regurgitation, the recognition of coronary artery involvement, the detection of thrombi in the nonperfusing lumen, the identification of communication(s) between the perfusing and the nonperfusing lumen, and the value of this technique in the immediate evaluation of the adequacy of surgical repair were studied.
Methods

Study Patients
A total of 61 patients forms the basis of the study, and they were subdivided into two groups. Group 1 (34 patients) comprised all patients studied at our institution with transesophageal echocardiography in whom aortic dissection was proven by aortography and surgery (18) , aortography alone (nine), surgery alone (six), or autopsy (one). Group 2 (27 patients) comprised all patients studied at our institution with transesophageal echocardiography in whom absence of aortic dissection was verified by aortography. Group The clinical findings of patients with and without aortic dissection are summarized in Table 1 .
Transesophageal Procedure
Informed consent was obtained from each patient before the study. An Aloka 870 single/biplane, an Interspec 750, a Hewlett-Packard 500 L, or a Sono 1000 machine with a 5-MHz transducer was used in the study to obtain transesophageal two-dimensional and color-coded Doppler images.29 Twenty-two of the 61 patients (36%) had biplane examinations performed using the Aloka biplane transducer. Studies in the awake state were done under light sedation using intravenous diazepam ranging from 1 to 4 mg with the addition of meperidine (25-50 mg) if the patient continued to be restless or uncomfortable. Alternatively, 25-50 mg meperidine and 12.5-25 mg promethazine were given intravenously. Local anesthesia of the pharynx was achieved with Benzocaine 20% spray to suppress the gag reflex.
Intraoperative transesophageal echocardiography was done after the patient was anesthetized and an endotracheal tube was placed. The transesophageal probe was then introduced through the mouth into the esophagus and manipulated to obtain adequate views of the heart, coronary arteries, and thoracic aorta in the standard manner. 29 Biplane examination was done in 14 patients from group 1 and eight patients from group 2.32,33 The aortic root, ascending aorta, aortic arch, and descending thoracic aorta could be viewed using the longitudinal plane in all 22 patients.
Aortic dissection was diagnosed when a consistent linear echo indicative of a dissection flap was seen within the aortic lumen.17 '18 The location and extent of the dissection flap were used to determine the type of aortic dissection according to the DeBakey classification -Type I if the flap was seen in the ascending and descending thoracic aortae, type II if the flap was confined to the ascending aorta, and type III if the flap was seen only in the descending thoracic aorta. 3 The coronary arteries were visualized as two parallel lines originating from the aortic lumen in the aortic short-axis plane. Aortic dissection into the coronary arteries was identified whenever the dissection flap was seen to extend from the aortic lumen into the ostium and lumen of the coronary artery. In those without visualized involvement of the coronary arteries, the minimum distance between the dissection flap and the ostium of the uninvolved coronary artery or the nearest visualized coronary artery was measured.
The perfusing or true aortic lumen was differentiated from the false or nonperfusing lumen by noting systolic bulging of the dissection flap toward the nonperfusing lumen or by flow signals moving through a communication from the perfusing lumen into the nonperfusing lumen during systole.18 Using these criteria, both lumens could be identified in all of our patients.
Communications between the perfusing and nonperfusing lumens were identified if bright mosaic color flow signals were seen traversing from one lumen to the other through a consistent discontinuity or an apparently intact flap, often with an area of localized flow acceleration at its origin.18 An intra-aortic thrombus was diagnosed if a bright echo density within the aorta was consistently seen in a segment of the aorta and completely or incompletely occupied the nonperfusing lumen.17 (2) Dissection not present (7) CT scan not done (20) Dissection flap not seen (27) Ca, computed tomography; TEE, transesophageal echocardiography. In all patients undergoing intraoperative transesophageal echocardiography, additional recordings were obtained in the postbypass period to assess the aortic and/or coronary artery grafts.
All echocardiograms were recorded on /2-in. Panasonic VHS videotape and reviewed by two independent observers.
Computed Tomography
CT scans were obtained in the standard manner in 24 of the 34 patients in group 1 and seven of the 27 patients in group 2. Fifteen patients had CT of the chest, and 16 had CT of the chest and abdomen. These studies were reviewed independent of the transesophageal echocardiographic findings for the presence and type of aortic dissection.13
Aortography
Aortograms were performed in the standard manner in 29 of 34 patients in group 1 and in all 27 patients in group 2. f All aortograms were reviewed independently by an experienced angiographer.
Statistical Analysis
The sensitivity (true-positives divided by true-positives plus false-negatives) and specificity (true-negatives divided by true-negatives plus false-positives) of transesophageal echocardiography, CT, and aortography in the diagnosis of aortic dissection were calculated. The positive (true-positives divided by true-positives plus false-positives) and negative (true-negatives divided by true-negatives plus falsenegatives) predictive values of transesophageal echocardiography in the diagnosis of aortic dissection were also calculated.
Results
Transesophageal Echocardiographly
There was complete agreement between the two independent observers with regard to all echocardiographic findings.
Grolup l. Transesophageal echocardiography correctly made the diagnosis of aortic dissection in 33 of 34 patients (97%) ( Figure 1 ). (10) DeBakey type 11 (1) DeBakey type III (1) No evidence of dissection (2) Not done (4) DeBakey type II aortic dissection proven bv DeBakev type III (8) DeBakey type IlI (6) aortoaraphv and cor surgerv (8) No evidence of dissection (1) Not done (1) CT. computed tomography: TEE, transesophageal echocardiographv.
Numbers in parentheses represent number of patients.
In the 27 dissection patients with no coronary artery involvement, the left main coronary artery was visualized in 23 (average length, 1.2 cm from the ostium: length range, 0.6-1.9 cm), and the right main coronarv artery was visualized in 1 1 (average length, 1.2 cm from the ostium; length range, 0.7-2.2 cm). In patients with type I or type II dissection and no coronarv artery involvement, the dissection flap was nearer to the left than to the right coronarv arterv origin in four patients (average minimum distance, 1.3 cm; distance range, 0.1-2.0 cm), and it was nearer to the right coronary arterv origin in six patients (average minimum distance, 0.6 cm; distance range, 0.1-1.7 cm). In three patients in whom only the left main coronarv arterv was visualized, the minimum respective distances of the flap from its origin were 0.1, 2.8, and 3.6 cm.
Grouip 2. The left main and right coronary arteries were visualized in 25 Table 4 (see also Figure 3 ). The presence of 13 communications identified by transesophageal echocardiography was confirmed at aortography or surgery, whereas an additional 12 communications diagnosed by aortography and/or surgery were not visualized by transesophageal echocardiography. Of particular interest is that 27 communications in 18 patients were diagnosed by transesophageal echocardiography but were not identified at aortography and/or surgery. ings, because standard, well-recognized planes were used in all cases. Also, the results were equally good in patients in whom intraoperative transesophageal echocardiography was not performed. These represented 18 of 34 (more than 50%) patients with aortic dissection. Another study limitation is that in a narrow and strict sense, it can be argued that the sensitivity and specificity of transesophageal echocardiography in the diagnosis of aortic dissection can be calculated only if patients with clinically suspected dissection are included. However, a point to be considered is the practical difficulty in doing this because it is well known that a significant percentage of patients with aortic dissection may be asymptomatic or that their symptoms may mimic other conditions, such as myocardial infarction or stroke.
In addition, transesophageal echocardiography correctly classified the DeBakey type of aortic dissection in 29 of 34 patients. Of the remaining five patients, the type of aortic dissection could not be determined with certainty at surgery in three cases and at autopsy in one, and in one patient, the diagnosis was missed by transesophageal echocardiography.
Although the common clinical practice is to distinguish aortic dissection from myocardial infarction as the cause of chest pain, it is not uncommon to find coronary artery involvement in patients with aortic dissection. 37 The incidence of coronary artery involvement in this process has been found in a large review by Hirst et a138 to be 10-20%. The involvement of the coronary arteries in patients with proximal aortic dissection is an accepted indication for urgent surgery,3"131 and the present study suggests that transesophageal echocardiography may be useful in its diagnosis. There were no false-positive or false-negative diagnoses in patients in whom the proximal portion of the left or right coronary artery could be visualized. Also of interest was the relation of the intimal flap to the origin of the coronary arteries noted by transesophageal echocardiography in patients who did not have coronary artery involvement. The relation of the proximity of the dissection flap to the origin of the coronary arteries may have prognostic implications, as it would appear more likely to dissect into the coronary artery if it is noted to be close, but further studies are necessary to more fully evaluate this question. This is the first study that reports the value of transesophageal echocardiographic assessment of the proximal segment of the coronary arteries in patients with aortic dissection. It has previously been noted that coronary artery involvement in patients with aortic dissection may not be associated with positive electrocardiographic changes and that those with electrocardiographic abnormalities indicative of myocardial infarction or ischemia may not have coronary artery involvement by aortic dissection. 38, 39 The fact that only two of our seven patients with coronary artery involvement had evidence of acute myocardial infarction by enzymes or electrocardiographic criteria supports this prior observation.
The diagnosis and quantitation of the severity of aortic regurgitation were easily accomplished with transesophageal color Doppler echocardiography. In the present study, transesophageal echocardiography appeared more sensitive than aortography, as it detected mild aortic regurgitation in 13 patients (eight patients from group 1 and five from group 2) in whom the aortogram was negative. Most important, there was complete agreement between transesophageal echocardiography and aortography in the 15 patients (five from group 1 and 10 from group 2) judged to have severe aortic regurgitation. Transesophageal echocardiography also provided insight into the possible cause of aortic regurgitation, which may assist in the preoperative planning of the surgical procedure to be performed. Possible etiologies of aortic regurgitation in those patients with aortic dissection included dilation/aneurysmal formation of the ascending aorta, thickening of the aortic leaflets, flap impingement on aortic valve leaflets, prolapse of one of the aortic cusps, and prolapse of the dissection flap into the aortic valve orifice or left ventricular outflow tract.
We found transesophageal echocardiography useful in the detection and localization of intra-aortic thrombi and in the evaluation of flow in the true and false lumens. It has been postulated that thrombus formation in the false lumen may be a good prognostic sign. 40 The true incidence of thrombus formation in the nonperfusing lumen, however, is not known.
Hematoma posterior to the aorta presumably due to a ruptured aortic wall was observed in two patients by transesophageal echocardiography. This finding carried a bad prognosis because both of these patients died intraoperatively. Biplane examination helped in identifying the extent and relation of the hematoma to the surrounding structures in both of these patients.
Two of the eight patients (25%) with serosanguinous pericardial effusion also died intraoperatively, the mortality of which correlates well with that described by previous authors. 30, 41 Unfortunately, there was not consistent agreement between transesophageal echocardiography and aortography/surgery in the identification of communications between the true and false lumens. Biplane transesophageal echocardiography has potential in improving visualization of communications, but our experience was too limited to adequately evaluate its sensitivity. Verification of transesophageal echocardiographic findings by aortography and surgery is limited by a number of technical factors, including simultaneous opacification of the true and false lumens and difficulty in localizing small defects in a flaccid aorta at surgery.
In the present study, transesophageal echocardiography proved to be a safe procedure that may be done with facility in both the awake as well as the intraoperative setting. The ability to perform the transesophageal echocardiography examination at the bedside was particularly advantageous, because our patients were often in the intensive care unit receiving multiple intravenous medications and on monitoring devices, making their transportation to and care in the aortography and CT scanning suites cumbersome and inefficient.
